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Recent crop estimates indicate corn yields are at an all-time high for South 
Dakota. Favorable rainfall and weather conditions were key factors in establish-
ing a 48-bushel average, but an equally essential ingredient to this success story is 
the farmer's use of new technology. Research is the forerunner of technology. An 
obvious contributor to a good crop is hybrid seed corn, but this, too, is only part 
of the story. The combined effect of improved management practices, fertility, 
insect and disease control, greater use of agricultural chemicals, automation and 
mechanization, and the development of corn with the inherent capacity of more 
efficient water use all share in helping corn continue its reign as a king among 
crops. 
These statements reflect the cumulative benefits of painstaking resean:h 
aimed at solving problems inherent to the production of one crop of economic 
importance to our state. Similar comments could be made for other crops, live-
stock production, marketing, credit, and, in fact, for almost every facet of the 
agricultural enterprise. 
But the need to change continues, driven by economic pressures for devel-
oping innovations and new techniques which hopefully will reduce production 
costs and enhance efficiencies in the use of labor~ land, managerial skills, and 
capital. In neighboring states, yields for individual crops surpass South Dakota 
averages. Farmers and ranchers seek to minimize the spread between South Da-
kota yields and that in other areas by lowered production costs but we can't be 
content with the situation for. either crops or livestock. The challenge is there 
for agricultural research to find answers that will aid producers to attain even 
greater production efficiency. The problems involved are complex and will in-
volve penetrating research of a basic as well as an applied nature. 
The example used refers specifically to corn, but it is illustrative of the 
opportunity for progress through a vigorous across-the-board research program 
aimed at maintaining the competitive position of South Dakota farmers and 
ranchers. Publicly supported agricultural research has been a primary factor 
in placing America's agricultural technology well ahead of world agriculture. 
As we begin 1964, it is well to remember that research continues to be a prere-
quisite to a successful and dynamic agriculture for South Dakota and the nation; 
food production continues to .be a bulwark of strength for our country, domesti-
cally and internationally.-Orville G. Bentley 
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Many situations exist today in which it is not only 
desirable but necessary to establish new stands of 
native grass on ranges of western South Dakota. 
Conditions such as (1) old, established, low-produc-
ing stands of introduced grass such as crested wheat-
grass, (2) deteriorated stands of native grass, and (3) 
former cultivated land which is being returned to 
grass all warrant establishing new stands of native 
grass. 
Under most circumstances it is difficult to establish 
new seedings of native grass. Reseeding rangeland is 
often discouraging to the rancher because of un-
predictable results and the cost and effort required. 
Only on those ranges offering the greatest potential 
has any attempt been made to reseed. 
Timely precipitation and adequate soil moisture 
are undoubtedly the best insurance for a successful 
grass stand. However, these two conditions seldom 
occur in ideal proportions under the semiarid climate 
of western South Dakota and adjoining states. Ideal 
moisture, such as that which occurred in 1962 when 
seasonal precipitation (April I-September 1) was 
19.38 inches, may occur only once in 25 years or more. 
Climate generally cannot be altered, but fertilizer 
has shown some advantage in certain situations for 
starting cultivated crops. In order to evaluate the 
potential assistance starter fertilizer might have on 
grass establishment on clay soils of western South Da-
kota, a 2-year study was performed at the U.S. Irriga-
tion and Dryland Field Station, Newell, South Da-
kota. 
Can Fertilizer Aid in Establishing Grass 
on Native Ranges? 
H. R. CosPER, soil scientist 
A. Y. ALsA YEGH, agricultural research technician 
Northern Plains Branch, 
Soil and Vv ater Conservation Division, 
Agricultural Research Service, USDA, 
Newell, South Dakota 
INFLUENCE OF FERTILIZER AND MOISTURE STUDIED 
The influence of starter fertilizer, moisture and 
their interrelation on establishing a new stand of 
western wheatgrass with and without competition 
from existing vegetation was determined. 
When 20 or 40 pounds of nitrogen was used in 
combination with 20 pounds of phosphorus per acre 
with only rainfall, the number of grass plants 
established was double the number obtained without 
fertilizer. Under optimum soil moisture conditions 
as were established in part of this study, starter fer-
tilizer had little effect on the total number of western 
wheatgrass plants established after 2 years. Optimum 
soil moisture alone increased about sixfold the 
number of grass plants established as compared to 
rainfall only. 
lnterseeding western wheatgrass in rows at 30-
inch intervals into an established stand of crested 
wheatgrass was unsuccessful, even when fertilizer 
and additional water were applied. 
Western wheatgrass, the grass tested, is a medium-
tall native species found on most range sites in central 
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and western South Dakota. It has an excellent yield 
potential and is relatively drought tolerant. The grass 
was seeded in rows 8 inches apart at the rate of 8Yz 
pounds per acre on March 29, 1961. The fertilizer was 
placed 1 inch directly beneath the grass seed at seed-
ing. The nitrogen fertilizer source was ammonium 
nitrate (33~% N) and the phosphorus source was 
treble superphosphate (45% P20 5). Two additional 
variables, moisture and plant competition were in-
cluded in the study. Seeding with plant competition 
was obtained by interseeding western wheatgrass in 
rows at 30-inch intervals into an established stand of 
crested wheatgrass. The seedbed for the interseeding 
was prepared by passing a 6-inch-wide sweep through 
the crested wheatgrass to a depth of 4 to 6 inches in 
the soil. All crested wheatgrass plants were removed 
from this 6-inch-wide area to accommodate the 
western wheatgrass seeding. The crested wheatgrass 
plants outside this area were not disturbed. The two 
moisture levels, wet and dry, were used in the estab-
lishment year of 1961, but not in 1962. The wet treat-
ments received 3.3 inches of supplemental water at 
the rate of 0.2 inch every 7 to 10 days in addition to 
rainfall of 6.34 inches (April I-September 1). The dry 
treatments received only rainfall. 
No western wheatgrass seedlings were established 
in either the 1961 or 1962 season from the interseed-
ing into crested wheatgrass in 1961. With supple-
mental water in addition to rainfall, sufficient mois-
ture was available for the crested wheatgrass to make 
good growth. However, competition for moisture 
from the crested wheatgrass was too great to allow 
western wheatgrass seedlings to become established. 
Fertilizer placed beneath the interseeded western 
wheatgrass seed was of no benefit in establishment 
either with or without additional water. The effect of 
varying the interval of interseeding and the degree of 
competition from the crested wheatgrass was not 
studied. 
FERTILIZER INCREASE ESTABLISHES RATE 
Results of western wheatgrass seedlings establish-
ed with only rainfall and without competition in 1961 
showed fertilization successfully increased the number 
of seedlings. The fertilizer treatments of 20 and 40 
pounds of nitrogen in conjunction with 20 pounds 
per acre of P 2Q 5 produced 3.3 and 2.9 plants per square 
foot . The unfertilized treatment produced 1.2 plants 
as shown in table 1. Nitrogen fertilizer, when used 
alone, did aid in seedling establishment. However, the 
increase in number of seedlings over the unfertilied 
treatment was considerably less as compared with the 
nitrogen plus P 2Q 5 treatments. The application of ad-
ditional water ( wet treatments) increased about six-
fold the number of seedlings established as compared 
to rainfall only ( dry treatments). Fertilizer with sup-
plemental water further increased the number of seed-
lings but the increases were small and insignificant. 
The following year ( 1962) the natural increase in 
numbers of western wheatgrass plants in all treat-
ments was associated with unusually favorable 
Table 1. The Effect of Fertilizer and Moisture Levels Applied 
in 1961 on Establishment and Subsequent Growth of West-
ern Wheatgrass on Pierre-Promise Clay Soil of Western 
Fertilizer treatment 
lbs./A. 
N P20 5 
0 0 
---------------··------
20 0 
----··-----------------
40 0 
----------------------
0 20 
----------------------
20 20 
----------------------
40 20 
----------------------
Mean 
---------------------------
South Dakota 
Dry treatments 
Plants/ square foot 
1961 1962 
1.2 6.0 
2.1 7.1 
2.1 6.8 
1.7 6.6 
3.3* 12.9t 
2.9* 11.5* 
2.2 8.5 
Wet treatments 
Plants/square foot 
1961 1962 
6.7 39.l 
7.5 38.8 
7.9 39.4 
6.4 38.7 
8.8 38.7 
8.0 43.3 
7.6 39.7 
*Significantl y greater than check at 5% level of probability. 
t Significantly greater th an check at 1 % level of probability. 
moisture. Total precipitation for the period April 1 
to September 1 was 19.38 inches with 8.60 inches oc-
curring during May. Moisture levels were not main-
tained in 1962 nor was additional fertilizer applied. 
New grass plants which originated in 1962 developed 
from rhizomes of previously established plants. The 
two fertilizer treatments of 20 and 40 pounds of 
nitrogen in combination with 20 pounds of phos-
phorus per acre at seeding in 1961, with only rainfall, 
doubled the number of grass plants at the end of 2 
years ( table 1). Fertilizer used with supplemental 
water in 1961 had little effect on the total number of 
western wheatgrass plants established after 2 years . 
Because of drought conditions in 1961, no forage 
yields were taken for those treatments which re-
ceived only rain. The seasonal precipitation of 6.34 
inches for 1961 was well below the 54-year mean of 
10.56 inches. However, yields taken in 1962 showed 
that 20 pounds of nitrogen per acre i11 combination 
with 20 pounds of phosphorus applied in 1961 pro-
duced 1287 pounds of forage (oven dry), which was 
a significant increase over the 812 pounds of forage 
produced from the nonfertilized treatment. 
The western wheatgrass seedlings on the left were not fertilized; those on the right received 20 pounds of nitrogen 
and 20 pounds of phosporus. 
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Table 2. The Influence of Starter Fertilizer and Moisture 
LeveJ.s in 1961 on Forage Yields of Western Wheatgrass in 
1961 and 1962 
Fertilizer 
treatment 
lbs./ A. 
N P20 s 
Dry treatment 
Pounds per acre 
(oven dry) 
1962 
0 0 -------------------------------------- 812 
20 0 -------------------------------------- 749 
40 0 -------------------------------------- 1049 
0 20 -------------------------------------- 1139 
20 20 -------------------------------------- 1287* 
40 20 -------------------------------------- 1033 
Mean -------------------------------------------- 1012 
Wet treatment 
Pounds per acre 
(oven dry) 
1961 1962 
627 2153 
729* 2203 
721 2162 
586 2148 
794t 2276 
741* 2412 
700 2225 
*Significantl y grea ter than check a t 5% level o f probability. 
i"Sig nificantly g rea ter than check at 1 % level of probability. 
Hay yields were substantially greater in 1962 be-
cause of favorable moisture and additional new plants. 
For comparative purposes, yields were taken in 1961 
and 1962 from those treatments which received sup-
plemental water in 1961. Yields in 1961 from those 
treatments receiving additional water showed some 
fertilizer treatments did significantly increase hay 
yields over that obtained from the check treatment 
( table 2). However, fertilizer treatments applied in 
1961 on the wet moisture level had no eflect on for-
age yields in 1962. Hay yields in 1962 from the wet 
moisture level were approximately twice the yields 
of those from the dry treatments. 
The use of starter fertilizer at seeding in 1961 had 
some influence on the crude protein content of the 
forage. Protein produced depended on the forage 
produced. Protein per acre varied from a low of 94 
pounds for the unfertilized grass to 157 pounds from 
grass fertilized with 20 pounds of nitrogen plus 20 
pounds of phosphorus. Protein produced per acre 
from forage of the wet moisture level was about twice 
that obtained from the dry treatments. The protein 
content of the nonfertilized plants from the dry 
moisture level was 11.6% in 1962. With added fer-
tilizer, protein content of the hay increased as high as 
13.3% ( table 3). 
Table 3. The Influence of Starter Fertilizer and Moi6ture 
Levels in 1961 on Protein Content and Yield of Protein from 
Western Wheatgrass 
Fertilizer treatment Dry treatments Wet treatments 
Yield of Yield of 
protein protein 
% protein lbs./ A. % protein lbs./A. 
N P,Os 1962 1962 1961 1962 1961 1962 
0 0 ---------------- 11.6 94 17.1 8.7 107 187 
20 0 ---------------- 13.2 99 17.4 9.2 127 203 
40 0 ---------------- 12.4 130 16.7 9.4 130 203 
0 20 ---------------- 11.3 129 16.3 9.8 96 211 
20 20 ---------------- 12.2 157 16.3 9.4 129 214 
40 20 ---------------- 13.3 137 16.6 9.8 123 236 
Mean 
----------------
12.3 124 16.7 9.4 117 209 
1964 AGRICULTURAL EVENTS 
(Selected List) 
SOUTH DA KOT A ST ATE COLLEGE 
DIVISION OF AGRICULTURE, BROOKINGS 
March 
11-12-State Weed and Pest Control Conference, 
Pierre 
April 
7-Third Annual Agribusiness Day, SDSC 
May 
6-Beef Cattle Field Day, SDSC 
June 
29-30-North Central American Society of Agron-
omy, SDSC (12 States) 
August 
20-Irrigation Development and Sugar Beet Pro-
duction, Southeastern S. D. Tours and demon-
strations, site to be announced (Agricultural 
Engineering, Agronomy, Plant Pathology De-
partments) 
28-Beef Cattle and Irrigation Research Tour, Ir-
rigation Research Substation near Redfield 
September 
18-Southeast South Dakota Experiment Farm 
Field Day, near Centerville 
22-23-State Dairy Association Annual Conven-
tion, Hotel Cataract, Sioux Falls 
October 
IS-Eminent Farmer and Homemaker Recogni-
tion, SDSC 
November 
15-Soil and Water Conservation Clinic, SDSC 
19-Eighth Annual Swine Field Day, Stock Pa-
vilion, SDSC 
December 
1-3-Annual Extension Conference, SDSC 
Visitors are welcome at any of the research locations. Tours for groups can be arranged and are especially welcomed at stations 
where a field day has not been scheduled for 1964-Newell, Highmore, Eureka, Cottonwood, Presho (South Central Research 
Farm), and Watertown (Northeast Research Farm). Experiment station superintendents and project leaders schedule the tours 
after consultation with extension district supervisors. 
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J. W. NEUBERGER, research hydraulic engineer 
A. L. SHARP, research investigations leader 
A. R. KuHLMAN, botanist 
Northern Plains Branch, 
Soil and Water Conservation Division, 
Agricultural Research Service, USDA, 
Newell, South Dakota 
One of the more serious problems confronting 
people in the semiarid parts of the Northern Great 
Plain.s_ is developing means for utilizing watershed 
runoff more effectively. Of particular importance is 
the need for hydrological data for designing depend-
able livestock and domestic water supplies where 
ground water is poor in quality, inadequate, or non-
existent. Because of limited and variable precipitation, 
water is at a premium throughout the area much of 
the time. 
In order to properly utilize range vegetation, nu~ 
merous stockwater dams or dugouts have been con-
structed to collect and store large quantities of runoff 
water during wet years for use during low runoff 
years. Providing livestock water in rangeland this 
way is often ineffective during long drought periods, 
especial! y in areas with permeable soils where water 
yields are so low that ponds or dugouts do not catch 
and store enough water to supply the needs. 
Another means of water conservation which has 
received considerable interest in this area is water-
Figure 1. This stockpond watershed on fine-textured 
soil is instrumented to measure runoff volumes. Note at 
the left of the photo the instrument house and staff 
gages for recording water stage. 
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spreading or supplemental irrigation. The topogra-
phy of the land in many cases lends itself to this 
practice. The steep or rolling uplands which are 
generally grazed may be a tributary to sizable alluvial 
bottomlands with moderate and uniform slopes. The 
information required for the proper design ~of these 
water conservation and utilization practices brings 
into focus the need for an increased effort in h ydrolog-
ical research for this region. Not only are factual run-
off and sedimentation data needed to properly design 
dams, bridges, culverts, etc., but also for other design 
criteria involving the conservation of water on both 
range and croplands. 
When h ydrologic research was initiated in west-
ern South Dakota, the pond method of measurina 
runoff water seemed well adapted to this low rainfal 
area. By using survey-computed stage-capacity curves 
and the recorded water depths of individual ponds, 
the volume of runoff from a watershed to the pond is 
measured ( figure 1). This method is adapted to low 
rainfall areas because a large number of stations can 
be maintained with a minimum of cost and man-
power; not only is the volume of runoff measured, but 
the sediment yields are also obtained by periodic 
typographic resurveys of the ponds; and evaporation 
and seepage losses from the ponds are also measured. 
The main disadvantage of the system is that the 
actual flood h ydrograph is difficult to obtain. Exper-
ience has shown that the h ydrograph can be com-
puted most effectively by equipping the pond stage 
recorder with special gears to lengthen the time 
scale. Even with this arrangement, direct runoff from 
scarred areas around the pond and high seepage loss-
es often remain as problems in computing the hydro-
graph. 
One of the criteria used in selecting watersheds 
was that the ponds should have large storage capaci-
ties in relation to the drainage areas, so that there 
would be little, if any, flow through the spillways be-
cause it would be difficult to compute and more ac 
curate records could be obtained if the runoff could 
be measured as actual volumes in the ponds. 
One or more recording rain and snow gauges 
were installed in each watershed. All of the ponds 
were equipped with stage recorders installed in still-
ing wells to automatically record the pond water 
level with time. Staff gauges were also installed in 
each pond for visual observation of water stage, and 
for checking the stage-recorder records. The rain 
gauges were equipped with 8-day clocks and charts. 
All watersheds and ponds were visited once a week, 
and immediately after each rainfall, to service the rain 
gauges and stage recorders. 
Data presented was obtained from observations 
and measurements from 12 of the range watersheds 
and their respective stockponds for 1958 through 1962, 
inclusive. The watersheds have drainage areas of 35 
to 280 acres, and the dams were built primarily to 
supply water for livestock. Six watersheds are located 
in areas of medium-textured soils, and six are in the 
area of fine-textured soils as determined by the Soil 
Conservation Service. 
Table 1 characterizes the watersheds by soil tex-
tural groups according to the watershed parameters 
of area, aspect, land slopes, and range sites. The per-
cent slope groups and range sites were determined by 
methods standardized by the Soil Conservation Serv-
ice. Range sites are described by terminology as pre-
sented by Dyksterhuis. 
Annual precipitation and runoff data from the 
stockpond watersheds, illustrated in table 2, shows 
the average annual precipitation and runoff in inches 
from six watersheds on each of the soil-textural 
groups. 
From 1958-1961, average precipitation on both the 
medium- and fine-textured watersheds was only two-
thirds the area's long-time average of 15.4 inches ( as 
measured during 54 years of records at the Newell 
Field Station). These years of below-normal precipi-
tation were characterized by many convectional-type 
rainstorms of low rainfall amounts. There were, on 
the average, 64 days of measurable precipitation per 
year, varying from 52 days in 1958 to 81 days in 1959. 
Eight percent of the rains were less than 0.25 inch. 
Table 1. Watershed Area, Aspect, Slope, Range Site, and Soil Group Characteristics of 
Stockpond Watersheds on Medium- and Fine-Textured Soils Common to the Northern 
Great Plains 
Slope groups Range site groups 
Watershed Over Pan- Shal- Thin Dense 
Watershed area 3-9 10-18 18 Sandy Silty spots low breaks Clayey clay 
number acres Aspect* % % % % % % % % % % 
Medium-textured Soils 
W-2 
--
115 NE 40 19 20 44 14 23 15 
W-3 90 N 70 20 50 15 26 
W-4 
--
105 SE 40 42 10 22 28 18 21 
W-5 46 NE 80 11 67 3 19 11 
W-7 
--
160 E 70 20 42 23 35 
W-8 160 SE 50 17 25 26 21 22 19 i 
Fine-textured Soils 
W-10 
--
280 NE 20 20 52 1 53 46 
W-11 
--
160 SE 61 27 12 24 30 46 
W-12 90 SW 25 65 6 73 21 
W-13 
--
160 SE 81 7 7 5 79 
W-14 
--
35 E 90 3 4 96 
W-15 
--
115 SE 81 19 81 
*Quadrant direction as determined by looking downstream on the mean reach of each watershed. 
Table 2. Annual Precipitation and Runoff from Twelve Rangeland Watersheds on 
the Medium- and Fine-Textured Soils of W estem South Dakota 
Medium-textured soils Fine-textured soils 
Precipitation Runoff Precipitation Runoff 
(P) (Q) Q/P x 100 (P) (Q) Q/ P x 100 
Years inches inches percent inches inches percent 
1958 
--------------------
10.30 0.12 1.2 10.82 1.33 12.3 
1959 
--------------------
10.75 .22 2.0 10.45 .61 5.8 
1960 
-------------------
9.39 .40 4.3 9.37 .99 10.6 
1961 
--------------------
8.83 .07 .1 9.92 .50 5.0 
Average 
( 1958-61) 
--------
9.81 .20 2.0 10.14 .86 8.2 
1962 
--------------------
16.43 .65 4.0 19.55 3.37 18.0 
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Amounts of 1 inch or greater occurred during less 
than 2% of the days. Snowfall occurred on 42% of 
the days, but accounted for only 17% of the annual 
precipitation. 
During this dry period, runoff amounts averaged 
8.2 and 2.0% of the annual precipitation from water-
sheds in the fine- and medium-textured soils, respec-
tively. When years of below normal rainfall occurred, 
four times as much runoff was measured from water-
sheds located in the fine-textured soils as from those 
with medium-textured soils. Looking at these figures 
from a grass production point of view, when the 
precipitation amounts are comparable, there may be, 
on the average, about 0.6 inches more moisture held 
on the land for forage production in the medium-
textured soil areas than in the fine-soil group. 
In 1962 rainfall at all watersheds was above normal 
and runoff amounts were much higher-averaging 18 
and 4% of the year's precipitation on the fine- and 
medium-textured soils, respectively. In comparison, 
the average runoff for the previous 4 years was only 8 
and 2% of the precipitation on the fine- and medium-
textured watersheds. The percent of average precipi-
tation measured as runoff was about four times as 
great on the fine-textured soils as compared with the 
medium-textured soils. 
These data indicate that there can be as little as 
only two units of runoff from one hundred units of 
precipitation on the medium-textured soils. Under 
these conditions, providing dependable sources of 
livestock water from surface runoff is a frequent 
problem. 
On the average, the Northern Plains receives 20% 
of its average annual precipitation as snowfall (3 
inches of moisture or approximately 30 to 50 inches 
of snow). The western South Dakota studies have 
shown that the amount of runoff per unit of snow 
precipitation is frequently high. A breakdown of an-
nual watershed runoff into the portions derived from 
snowmelt and rainfall is shown in table 3, by soil 
groups, for the 5-year study period. During the dry 
1958-1961 period snowmelt produced more runoff 
than did rain on the medium-textured soils. In wet 
1962, most of the runoff came from rain received dur-
ing May through June, and snowmelt accounted for 
only one-third of the total. During the 5-year, 1958-
1962, period runoff from snowmelt and rain was 
equal from medium-textured soils. On the fine-tex-
tured soils, only about one-third of total runoff was 
produced by snowmelt from 1958-1961. Snowmelt 
runoff from the fine-textured soil was only one-fourth 
the total during the 5-year period. These data indicate 
that snow is a more needed source of runoff for pro-
viding stockwater on the medium-textured soils than 
on the fine-textured soils. 
Snowmelt runoff varied considerably from one 
watershed to another, even within the same year. Part 
of these differences was due to variations in snowfall; 
however this, in itself, did not explain the larger dif-
ferences. A comparison of individual watersheds 
showed that those located so that their main reaches 
were at near right angles to the prevailing winter 
winds (N to NW) yielded from one-fourth to one-
third more annual runoff from snowmelt. Seemingly, 
the orientation, topography, and vegetative cover of 
individual watersheds are important factors in deter-
mining the collection of snow in drifts and the po-
tential of a given watershed to yield snowmelt runoff. 
Generally, watersheds that produced less than 5% of 
the annual runoff from snowmelt could be character-
ized by those factors which provide a relative! y low 
trap efficiency for blowing snow. 
During the entire study period, when over 1.5 
inches of snow precipitation accumulated, snowmelt 
was a dependable source of annual runoff water. In 
1959 and 1960 snowmelt accounted for two-thirds or 
more of the annual runoff. However, in 1958 and 
1961 when there was less than 1.0 inch of accumulated 
snow precipitation, rainfall contributed over three-
fourths of the total annual runoff. 
The effects of antecedent soil moisture conditions 
and storm duration were investigated. One typical 
Table 3. Sources of Annual Watershed Runoff from Twelve Rangeland Watersheds 
on the Medium- and Fine-Textured Soils of Western South Dakota 
Medium-textured soils 
annual runoff due to: 
Years 
Snowmelt 
inches 
19 5 8 ----------------· --· ------------------------------ 0 .02 
195 9 -------------------------------------------------- .19 
1960 --- ---------------------------------------------- .33 
1961 ------------------------------------------------- Trace 
Average 1958-61 (dry) ____ ______________ .125 
1962 -----· -------------------------------------------- .2 0 
Average 195 8-62 ____ __ ______ ____ __ __ __ __ ____ .15 
Average preci pita ti on ------------------- 1.5 
Runoff as percent of precipitation 10 
8 
Rain 
inches 
0.11 
.05 
.08 
.07 
.078 
.45 
.15 
9.6 
1.6 
Fine-textured soils 
annual runoff due to: 
Snowmelt Rain 
inches inches 
0.25 1.08 
.43 .18 
.64 .35 
.03 .46 
.338 .592 
.29 3.08 
.33 1.03 
1.7 10.8 
1.9 10 
20 .. 
10 
...J 
...J 
u: 
z O 
~ 
~ 60-
1-
z 
UJ 
~ 50 X ~ "' V') 
: 40'- "-. 
MEDILM TEXTURED SOIL 
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Figure 2. Effects of antecedent storms on runoff from 
medium- and fine-textured soils in western South 
Dakota. 
watershed m each soil type was selected for this 
companson. 
In studying the effects of antecedent soil moisture, 
an index of antecedent conditions was derived by 
grouping storms in two size classes, under and over 
1 inch, by days since the last runoff event. The results 
of this study are shown in figure 2. Antecedent soil 
moisture apparently has no effect on runoff from the 
medium-textured soil, but has a strong effect on run-
off from fine-textured soil. Apparently rainfall in-
tensity of factors other than antecedent storms affect 
runoff from the medium-textured soils of the area. 
Storm duration, an overall index of rainfall in-
tensity, was examined in relation to runoff for the 
same two watersheds, as shown in figure 3. This il-
lustration indicates strong inverse trends between 
storm duration ( overall average intensity) and run-
off. Only the short, high-intensity storms apparently 
produce much runoff from the medium-textured soil. 
Small, sharp storms and all large storms produce con-
siderable runoff from the fine-textured soils. 
During the 5-year period, 1958-1962, precipitation 
and runoff measurement studies were conducted. on 
several small rangeland watersheds in the 10 to 15-
inch precipitation belt of western South Dakota. Data 
from twelve stockpond watersheds on the medium-
and fine-textured soils showed that annual runoff 
amounts were related to the soil-textural classes, as 
mapped by Soil Conservation Service. 
Percentages of the annual precipitation measured 
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as runoff on the medium-textured watersheds ranged 
from a low of 0.1 % in 1961 to 4.3% in 1960, whereas 
on the fine-textured watersheds the annual runoff 
varied from 5% in 1961 to a high of 18% of the an-
nual precipitation in 1962. On the average, 1 inch of 
rainfall on the fine-textured watersheds yielded near-
1 y six times the amount of runoff as measured from 
1 inch of rain on the medium-textured watersheds. 
Snowmelt was shown to be an efficient source of 
runoff water for livestock use on both soil groups. 
On the medium-textured watersheds, runoff from 
snow amounted to one-half the annual runoff and is 
obviously necessary to develop dependable stockwater 
supplies. The orientation of deep draws and breaks, 
as well as the topographic characteristics of individual 
watersheds, determine to a large extent the potential 
of a given watershed to entrap snowfall and to yield 
runoff. 
Comparisons between 52 single storm events from 
a 115-acre, medium-textured and a 90-acre, fine-tex-
tured range watershed indicate that antecedent soil 
moisture and storm characteristics are dominant fac-
tors in explaining the variations in a rainfall-runoff 
relationship for the fine-textured watershed. For the 
medium-textured watershed there was no significant 
trend in the rainfall-runoff relationship as related to 
antecedent storms. A slight inverse trend, however. 
was found between storm duration ( overall intensity) 
and runoff from the medium-textured soil. 
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Figure 3. Relations between storm duration ( average 
intensity) and runoff from medium- and fine-textured 
soils in western South Dakota. 
Beef 
Cattle 
Selection, 
L. L. WILSON, graduate assistant in animal science 
In 1962 approximately 39% of South Dakota's 
gross agricultural income came from the sale of beef 
cattle. Because of the importance of this industry to the 
state's economy, research workers and producers con-
tinually search for and apply methods which allow 
more economical and profitable beef production. Dur-
ing the past 10 years several advances have been made 
in the area of selecting herd bulls and heifers. 
DIFFERENCES BETWEEN ANIMALS ARE IMPORTAIT 
Within any herd there are usually large differ-
ences between individual animals with respect to live 
conformation, rate of growth, and carcass desirability. 
These differences are caused by heredity and environ-
ment. Genetic or inherited differences are passed on 
by the parent to the off spring in different degrees. 
Environmental differences are due to all the factors 
other than genetic. They consist primarily of differ-
ences resulting from the surroundings the animals are 
exposed to during development. Genetic differences 
provide the raw material for the improvement of any 
class of livestock. The proportion of the total variation 
is useful in indicating how much a trait can be im-
proved by selection. 
PERFORMANCE AND PROGENY TESTING 
Deciding which cows or bulls to use is an impor-
tant decision of the beef producer. It should be based 
on an evaluation or appraisal of the animal's true 
genetic or breeding value. True genetic value is the 
ability of the parent to produce a calf which has the 
capacity to reach high production levels. 
There are two methods for obtaining information 
concerning the parent's true genetic value. For most 
beef cattle traits, the better method is progeny testing 
which uses the calf's level of production as an indica-
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tion of the breeding value of the parents. One dis-
advantage of progeny testing is that the information 
does not become available until approximately 2 years 
after the animal has reached maturity. This time lapse 
is important in beef cattle selection. The second meth-
od is to use performance records which the prospective 
parent has made while it was maturing. In this meth-
od, the animal is evaluated according to its own wean-
ing weight, daily gain, and conformation. 
Performance testing is generally preferred over 
progeny testing, particularly for traits which are high-
ly heritable such as rate of gain or final weight, since 
differences in the environmental surroundings are 
not as likely to disguise the animal's actual breeding 
value. Where the traits are highly heritable, the in-
dividual's own performance and breeding value 
would more nearly coincide than if the traits were 
not highly heritable. 
Although both progeny and performance testing 
are usually thought of in connection with post-wean-
ing characteristics, the same principles apply to traits 
measured at weaning time. Usually both performance 
and progeny test information can be collected at the 
same time. For instance, weaning information repre-
sents an appraisal of the breeding value of the in-
dividual calves and an evaluation of the different 
sires and dams represented by the calf crop. Sire and 
dam comparisons may be biased unless cows are 
randomly alloted to the sire groups and all animals 
are exposed to the same environmental conditions. 
Weaning information is particularly important in 
commercial herds since complete records are usually 
not available at a later time. Studies conducted by the 
South Dakota Agricultural Experiment Station sug-
gest that saving 20% more heifer calves at weaning 
than will be needed as replacements should result in 
more rapid genetic improvement of a herd than prac-
ticing all selection at weaning time. Post-weaning 
( es ting of heifer calves is recommended i£ the existing 
feed, labor, and other facilities allow carrying the ad-
ditional animals without reducing the number of 
producing cows in the herd. Final selection can then 
be made on a combination of weaning and post-wean-
ing information. 
Post-weaning performance testing in purebred 
herds is of paramount importance since commercial 
producers generally rely on purebred breeders to pro-
duce herd sires. Present research by the Experiment 
Station has suggested that up to 40% of the bull calf 
crop may be culled at weaning time on an index of 
adjusted weaning weight and conformation or only 
on weaning weight. Only the remaining 60% would 
be placed on gain test. This practice would result in 
the loss of few desirable herd bull prospects and 
would mean less time, feed, and facilities would be 
needed to carry out the testing program. These studies 
further indicate that the amount of genetic improve-
ment would be doubled if 40% instead of 70% of all 
bulls produced within a herd were sold for breeding 
purposes. This would mean culling another 20% 
following the post-weaning gain test. 
ENVIRONMENTAL ADJUSTMENTS ARE NECESSARY 
Research at this and other stations has shown the 
age and sex of calf and age of dam influences the calf's 
weaning weight. These are environmental effects and 
often cover up genetic differences between animals. 
The errors caused by these environmental effects pre-
vent proper evaluation of the individual's breeding 
value. Records from a representative sample of the 
cattle in South Dakota have been analyzed and factors 
have been calculated for the adjustment of differences 
due to these effects. The following is a brief summary 
of the procedures presently used for adjustment of 
weaning weights. 
The weights are first adjusted to a standard wean-
ing age of 190 days. The correction factors presently 
used are valid for calves between 140 and 250 days of 
age. The larger the difference between the calf's age 
and the standard age of 190 days, the larger the errors 
involved in such adjustments. 
Adjustment for sex of calf must also be made. 
Present methods adjust all the calves to a steer basis by 
subtracting 10 pounds from the weaning weights of 
the bulls and adding 37 pounds to the weights of the 
heifers. Recent studies indicate that other methods of 
adjustment may be more suitable. As new and more 
accurate correction factors are developed and tested, 
they will be made available to the producer. 
Age of dam also affects weaning weight. Studies of 
several thousand calves weaned on South Dakota 
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ranches have shown that cows produce their maxi-
mum during the period from 6 to 8 years of age. 
Weaning weigh ts of calves from cows of this age 
group receive no adjustment, and weights of calves 
from younger and older cows are increased by differ-
ent amounts depending on the dam's age. 
The resulting weights, adjusted for age and sex of 
calf and age of dam, not only allow a more accurate 
evaluation of the calf's own breeding value for wean-
ing weight but also offer a means of fairly comparing 
the producing ability of individual cows and bulls 
used in the herd. 
SELECTION INDEXES 
A selection index is the most effective method 
for improving a herd's breeding value and net eco-
nomic worth. An index is a method of selection 
whereby each trait is given the proper amount of at-
tention so that the goals may be reached at the fastest 
possible rate. Several different indexes are compared 
with each other on the basis of how large an increase 
in total economic value can be achieved through their 
use. 
As an example, in a recent study the breeding . 
value of an animal was defined in terms of growth 
rate and conformation. The results indicated that an 
index composed only of weaning weight and post-
weaning daily gain was 90% as good as an index using 
weaning weight, weaning conformation, yearling 
conformation, and post-weaning daily gain. There-
fore the index which does not require collection of 
conformation scores should be practically as good an 
index as one using all four traits. 
A third index, which used only weaning and year-
ling conformation scores, was only 50% as good at in-
creasing the total economic value of the herd as an 
index using conformation, weaning weight, and daily 
gain. These results suggest that selection on weaning 
weight and post-weaning daily gai~ should be suit-
able for most beef cattle herds. Conformation scores 
do not appear to be of as much value in a selection pro-
gram as the traits which measure gain or weight. 
Culling animals because of physical defects, such as 
weakness in the feet and legs, is still important. Con-
formation scores have also been suggested as being 
related to vigor, foraging ability, and longevity, but 
these relationships have not been proven experimen-
tally. 
SELECTION FOR CARCASS TRAITS 
The recent recognition of the large differences in 
both quantity and quality of beef from animals of 
similar age and weight has aroused considerable in-
terest in carcass desirability. In the past, the terms 
quality and fat have been used interchangably in the 
description of market cattle. This has resulted in the 
use of conformation scores as selection criteria which 
may have increased the fatness of beef cattle. 
Recent meats research has suggested that large 
amounts of fat deposition in beef is not a requirement 
for high eating quality. This is particularly true for 
animals reaching market weights at early ages. The 
monetary loss from trimming and discarding excess 
fat and the cost involved in producing this fat further 
demonstrate the importance of producing leaner car-
casses. 
Studies concerning the heritabifay of carcass de-
sirability have suggested that genetic improvement 
may be accomplished through selection. The problem 
facing the industry at present is to develop methods 
to capitalize on the genetic differences which now 
exist. There is some indication that live animal 
"eyeball" techniques may have value in appraising the 
breeding value of an animal with respect to the yield 
of retailable meat. These scores will probably involve 
changing the relative emphasis on some parts of the 
animal. Until such criteria are developed and tested, 
the producers must rely on the slower method of 
progeny testing to evaluate the ability of their breed-
ing stock to produce carcasses of high desirability. 
There are several commercial meat packing concerns 
throughout South Dakota which will assist in the 
collection of carcass information. 
AN ORGANIZATION OF 
SOUTH DAKOTA BEEF BREEDERS 
The South Dakota Livestock Production Records, 
Inc. (SDLPR) is a non-profit organization composed 
of commercial and purebred breeders interested in 
increasing the level of production in their herds. Dur-
ing the past 2 years, the SDLPR expanded consider-
ably. In 1962, 14,470 weanling calves from 201 ranches 
were weighed and indexed. Forty-four breeders had 
989 yearling bulls and 579 heifers finish on-the-farm 
post-weaning performance tests. 
The organization has adopted the weaning weight 
adjustments derived from research conducted by the 
South Dakota Agricultural Experiment Station and 
is presently using an index composed of weaning 
weight for all calves in addition to age-adjusted year-
ling weight for heifers, where post-weaning informa-
tion is available. Bulls are indexed using weaning 
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weight and post-weaning daily gain. Conformation 
scores are obtained at the end of the post-weaning test 
period, but they are not presently included in the in-
dexes. However, for a bull to be certified, he mus 
meet certain conformation standards. 
Weights and scores are obtained on the ranch 
under the supervision of the county extension agent or 
other authorized representative. The information is 
recorded on a special reporting form and transferred 
to punch cards. Actual analysis of the records is done 
on modern electric data processing equipment at the 
Experiment Station at Brookings. The information is 
summarized on specially designed reporting forms 
and returned to the producer. Included in the sum-
mary are sire and ranch averages for the various traits. 
As records are accumulated, cow summaries will 
be made available to producers that have individual 
identification in their cow herds. Usually there is 
little improvement that can be made through cow 
selection because of the high proportion of the heifer 
calf crop needed as replacements and the length of 
time involved until a heifer comes into production. 
However, the availability of production records on 
the cow herd can be extremely valuable in certain 
situations, such as drought or the cycling decline in 
cow numbers, which may necessitate drastic reduc-
tions in the size of the cow herd. The producer has an 
excellent opportunity at such times to cull the "star 
boarders" if he has production records available on hi 
cows. When the producer can rebuild his herd, he 
will then be re-building from the top producing cows 
of his former herd. 
The cooperative program between SDLPR and 
the Experiment Station not only assists the beef cattle 
producers of South Dakota to improve their own 
herds, but also provides experimental information for 
the Experiment Station. Some of the studies previous-
ly referred to have utilized the data obtained in this 
manner. These studies and future analysis will enable 
the South Dakota rancher to more efficiently produce 
beef and more effectively meet his competition. 
Questions concerning membership in this organiza-
tion may be obtained from the county extension 
agents or from Henry Holzman, Secretary, SDLPR, 
County Court House, Rapid City, South Dakota. 
( Selenium. Poisoning 
C. A. DINKEL, professor of animal science 
J. A. MINYARD, assistant professor of animal science 
D. E. RAY, assistant professor of animal science 
Selenium poisoning or alkali disease in farm ani-
mals is caused by eating plants that have absorbed 
toxic levels of selenium from the soil. The problem is 
more acute with cattle than with other livestock since 
beef cattle graze most of the seleniferous area of South 
Dakota. Selenium content of range grasses sufficient 
to make up 10 parts per million (ppm) or more of the 
total ration has been shown to be harmful to beef cat-
tle. 
Selenium's effects on reproduction in mammals 
has not been fully investigated. However, it has been 
shown that rations containing as much as 10 ppm of 
selenium lower the conception rate and increase the 
number of services required per conception for sows. 
Production records taken at the South Dakota Experi-
ment Station indicate similar effects in beef cattle. 
While much of the research concerned with counter-
acting the effects of selenium poisoning has dealt with 
visible symptoms and growth rate, the effects on re-
productive. performance appear to be of a much great-
er economic consequence. 
The selenium content of most range grasses is 
highest during the early stages of growth, decreases 
slowly up to maturity, and then decreases rapidly. 
Consequently, the selenium intake of range beef cattle 
is usually highest during the period from early June to 
mid-July on ranges in good condition. Under the 
usual management systems in South Dakota, the peri-
od of high selenium intake occurs simultaneously 
with the breeding season. Because the first weeks of 
pregnancy are a critical period in beef cattle reproduc-
tion, it would appear that breeding prior to the period 
of high selenium intake might be beneficial. An ex-
periment designed to evaluate this theory was con-
ducted at the Reed Ranch Field Station, Presho. 
BREEDING DATE CHANGED 
A group of grade and purebred Hereford cows 
maintained at the Reed Ranch Station was divided 
into two breeding groups-one to be bred earlier than 
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Researchers study breeding date 
adjustment to control disease 
normal and the other to be bred later than normal. 
This report summarizes the first 5 years' results. The 
number of cows in each of the two breeding groups 
varied from 10 to 29 per year. 
This experiment was combined with one in which 
selection was practiced for resistance and susceptibility 
to selenium poisoning. It might appear that selecting 
in one half of the cow herd for resistance and in the 
other half for susceptibility would make the selection 
groups substantially different in their reproductive 
performance. However, this experiment has progress-
ed for only 5 years. Since this represents about one 
generation in beef cattle and since selection has been 
primarily for external symptoms and growth rate, we 
would not expect changes in reproductive perform-
ance because of the selection practiced. Consequently, 
the two selection lines were considered as replicates of 
the season of breeding study. 
Cows were randomly divided into breeding groups 
except for cows which had not calved early enough to 
allow breeding during the early period. All cows 
within a line were bred to the same bull. Bulls were 
placed with the early breeding groups about May 1 
and with the late groups about July 18. Each breeding 
season extended for 10 weeks. 
The calves remained with their dams without sup-
plemental feed until weaning, usually during the last 
2 weeks of October. At weaning time the calves were 
weighed and scored for symptoms of selenium poison-
ing, conformation, and condition. 
Weaning weights were adjusted in two ways to 
compare the productivity of cows bred at different 
times. First, the weights were adjusted for sex of calf 
and age of dam to compare actual pounds of beef 
produced per cow each year in the two breeding 
groups. The weaning weights were further adjusted 
for differences in age of calf to a standard of 190 days 
to allow more accurate growth rate comparisons of the 
calves or to allow comparison of weaning weight 
between two groups with age and sex of calves and 
age of dams being equal. Subsequent reference to 
weaning weight indicates weights adjusted for sex of 
calf and age of dam only; adjusted weaning weight 
Table 1. Number of Matings and Average Performance by Years for Early and Late Bred Groups 
Overall 
1958 1959 1960 1961 1962 All years total 
Early Late Early Late Early Late Early Late Early Late Early Late or ave. 
N o. of matings -----------------------· 15 14 10 10 11 12 12 12 27 29 75 77 152 
Percent born ---------------------------- 46.7 14.3 90.0 90.0 45.5 33.3 66.7 25.0 59.3 37.9 60.0 37.7 48.7 
Percent weaned ---------------------- 40.0 14.3 90.0 80.0 36.4 25.0 58.3 25.0 48.1 31.0 52.0 32.4 42.1 
Weaning wt.* ------------------------ 436 334 468 394 434 362 416 383 437 383 440 380 417 
Adjusted weaning wt.t ____ ______ 420 447 443 419 412 376 387 407 399 393 411 405 409 
Selenium symptomst _______ ______ 12.7 12.5 11.6 11.5 9.2 11.0 12.8 13.0 12.1 12.5 11.9 12.1 12.0 
Conformation§ ____________________ ____ 10.3 10.0 10.4 10.9 10.2 9.7 9.6 11.0 9.5 10.1 9.9 10.4 10.1 
Condition II 
------------------------------
7.7 7.5 7.0 7.6 7.0 5.0 6.3 6.7 6.8 6.9 6.9 6.9 6.9 
* Adjusted for sex of calf and age of dam. 
i" Adju ted for age of dam and sex and age of calf. 
t Selenium symptom scores had a possible range from 13 to 1, with the high score indicating no evidence of selenium toxicity. 
§Conforma tion scores had a possible range from 17 to 0, with the high score indicating more desirable conformation . 
II Condition scores had a possible range from 14 to 0, with the high score incl icating the fatter animal. 
denotes the weight adjusted for age of calf differences 
in addition to sex of calf and age of dam. 
EARLY BRED COWS AVERAGED MORE CALVES 
The number of matings, calving percentages, and 
the performance of the calves produced by each of the 
breeding groups in each year are shown in table 1. 
There were 152 matings during the 5-year study peri-
od-75 in the early group and 77 in the late. The per-
centage calf crop born varied widely from year to 
year, from a low of 30% to a high of 90% . The average 
calf crop born was 49%, with the early breeding 
group averaging 60% and the late group 38%, an ad-
vantage of 22% for the early-bred cows. 
Death loss from birth to weaning was approxi-
mately the same for the two groups of cows, averaging 
14% for the 5-year period. The average calf crop wean-
ed was 42%, with the early breeding group averaging 
52% and the late group 32% . 
Weaning weights averaged by year and breeding 
group indicate a consistent difference between the 
early and late groups. Weaning weight without age 
adjustment favored the early group by 60 pounds. 
When both percentage calf crop weaned and weaning 
weight are considered, breeding early resulted in 229 
pounds of calf at weaning per cow exposed compared 
to 123 pounds in the late breeding group-a difference 
of 106 pounds. 
Differences in adjusted weaning weight between 
the two groups were small and inconsistent. The aver-
age adjusted weaning weight for the early and late 
breeding groups was 411 and 405 pounds respective-
ly. Considering the combination of percentage calf 
crop weaned and adjusted weaning weight, the early-
bred cows produced 214 pounds of calf per cow ex-
posed compared to 131 pounds in the late breeding 
group- a difference of 83 pounds. 
Comparing the production of the two groups of 
cows on the basis of weaning weights unadjusted for 
age penalizes the e;alves born in the late breeding 
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group. A producer calving late in the season would 
probably wean later than one calving early. However 
under either management system, weaning would be 
accomplished on most ranches on one day and prob-
ably within a month of the time the calves were 
weaned in this experiment. Among the advantages of 
calving early are the additional grazing period avail-
able and having larger calves when the dam's milk 
flow increases. 
W hile there was little, if any, practical difference 
between the breeding groups for adjusted weaning 
weight during the 5-year study period, the yearly 
averages by season of breeding indicate an interesting 
trend. If the selenium symptom scores are used as a 
measure of the extent of selenium poisoning, table 1 
shows in years of only slight to moderate selenium 
poisoning (1958 and 1961) the late group averaged 
heavier in adjusted weaning weight than did the 
early group. In 1959 and 1960 when selenium symp-
toms were more extreme, the early group averaged 
heavier for adjusted weaning weight. These observa-
tions suggest that the detrimental effects of selenium 
poisoning on growth rate of the calf can be reduced 
by breeding early. Further research will be necessary 
to determine whether or not this was a chance oc-
currence. 
AMOUNT OF POISONING VARIES WITH YEAR 
No important differences were found between 
breeding groups for conformation, condition, or sele-
nium symptom score at weaning. However, consider-
able differences were noted between years for sele-
nium symptoms. These differences reflect the extreme 
variation in severity of selenium poisoning that has 
been observed from year to year. 
Although the experiment was designed to study 
the advantage of breeding early to avoid the period of 
lush growth and high selenium c_ontent of range 
grasses, other factors may be partially responsible for 
differences observed. For -example, the temperature 
difference during the two breeding seasons might in-
fluence the results. Recent research indicates that 
temperature affects fertility in beef cattle. In addition, 
the early group would be grazing principally cool sea-
son grasses during the breeding season while the late 
group would be grazing principally warm season 
grasses. Any difference between the two kinds of 
grasses in their rate of selenium uptake could influ-
ence the results. Both temperature and species differ-
ences are intricate parts of overall season effect, and 
from a practical viewpoint, the total effect of season 
of breeding was of primary interest in this study. 
Results of this study and previous work with steers 
indicate that producers experiencing a selenium prob-
lem as severe as is present at the Reed Ranch Field 
Station might increase per acre production of beef by 
converting from a cow-calf program to a steer pro-
gram. The level of production achieved in a cow-calf 
program during the period of this study is much too 
low to be profitable. However, most of the private 
ranches in the problem areas do not have as much 
selenium in the soil as the Reed Ranch Station, and the 
trend in most areas in recent years has been away from 
a yearling operation. 
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EARLY CALVING SEEMS BEST 
Producers in selenium areas who continue in the 
cow-calf program can increase their return by breed-
ing earlier in the season if they are prepared to care 
for February and March calves. Calving early will re-
quire special attention to shelter, nutrition, and man-
agement of the herd during the calving period and 
up until the animals can be turned on spring pasture. 
While the recommendation for early calving is based 
on relatively few matings per year, the consistent ad-
vantage of the early group throughout the 5-year 
period lends support to the recommendation. 
Various kinds of plants have been shown to differ 
markedly in their ability to accumulate selenium 
though grown on the same soil within short distances 
of each other and under the same climatic conditions. 
This variability in selenium uptake exists within a 
group of similar plants such as the native grasses. Al-
though not experimentally established, indications 
are that beef cattle have some ability to discriminate 
and reject plants of high selenium content. The ap, 
parent ability of beef cattle to be selective when graz-
ing emphasizes the importance of moderate to light 
stocking rates on seleniferous ranges. Over-grazing 
should be avoided if at all possible. 
t e I em e try Radiosonde equipment provides a unique meiliod 
A Tool for 
Studying Bloat 
A. E. DRACY, professor of dairy science 
A. J. KuRTENBACH, instructor in electrical engineering 
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for sensing and recording physiological data from live 
animals either normal or diseased without requiring 
an operation. Because of these unique features it is be-
ing tested as a means of studying bloat. 
According to the most commonly accepted 
theory, death from bloat is believed to result from 
high pressure in the rumen. However, the amount of 
pressure which is lethal has not been exactly deter-
mined and the physiological cause of death is obscure. 
The problem of measuring internal environment 
without disturbing the animal is most difficult. The 
application of electrodes to the skin may irritate or 
excite the animal. Passing tubes and wires down the 
esophagus alters normal rumen function by inhibiting 
its normal movement and releasing gas via belching. 
Rumen fistulas are difficult to seal air tight, permit-
ting so much air to enter that the microscopic life in 
the rumen changes from species existing without 
oxygen to those requiring oxygen. Furthermore, 
suturing the rumen wall to the muscular wall tends to 
inhibit normal ruminal contractions and overshadows 
the free movements with the result that normal move-
ment patterns are not observed. 
To overcome some of the problems, the use of 
radio transmitters is being investigated. Three trans-
mitters, each designed to send a different type of in-
telligence, are promising. One is capable of trans-
mitting a signal that varies with temperature; one, a 
frequency that varies with pressure; and th~ other, 
information similar to that of an electrocard10gram. 
The physical arrangement of t!1e equipment us~d 
in this study was simple but exactmg. The block dia-
gram in figure 1 shows the mechanical arrangem.ent 
of the equipment. The transmitter. was plac~d .with-
in the animal where the most effective transmiss10n of 
the desired information could result. The animal was 
placed in a pen looped in all dimen~ions with a c~n-
tinuous antenna which received the signal and earned 
it to a Hallicrafter Model WR 3000 radio receiver. 
The audio signal was continued from the receiver to 
a frequency meter where it was transformed to an 
electrical potential; this potential was passed into a 
Sanborn Model 960 recorder where appropriate trac-
ings were made for a permanent record. In addit~on, 
a speaker within the receiving set produced an audible 
signal for the operator's co~venie~ce. To a~sure ab-
solute alignment of the workmg umts, an oscilloscope 
was added to the circuit. 
USE OF INSTRUMENTS STUDIED 
Three groups of experiments were conducted 
singly and were not integrated; all were exploratory. 
None of the results gave data relative to the cause of 
bloat but pertained instead to the use of the instru-
ments and. the possibility of their application to the 
study of rumen function. 
The first group of experiments dealt with the 
determination of body temperature at two sites. The 
core temperature was determined by placing a cylind-
rical transmitter, 1 inch by 3 inches, into the reticulum 
TRANSMITTER 
IN ANIMAL ) ) ) ) 
A.M '-r--+ FREQUENCY .-~ & AUDIO ANTENNA RECEIVER METER 
Cl:iCILLOGRAFtl OF AN 
ANIMAL:.S HEARTBEAT 
I SPE~ER I I RECOR~ I 
OSCILLOSCOPE 1+ 
Figure I. Mechanical arrangement of equipment. 
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DEC. 28 I 30-300pm DRANK WATER AT 5 0°c I 5 lb~ 
-- 103.05- 10297°F 
DEC 29 9:00-10: 180.1n MANK WATER AT 22 5°C 2.7tbs 
10243 - 10193°F 
•••••• D£C.29 2:3Q-3;35 p.m. DRANK WATER AT 29.0°C 2.51bs 
JAN 2 7 30 - 8 20om DRANK WATER AT 22 0°C I 5\tls 
102.05-102.02°F. 
- - - JAN. ~OZ~:;>.:~~\\:F ORAN~ WATER AT 22.0°C 3.0llls 
30 40 50 
TIME IN MINUTES 
Figure 2. The temperature changes within the r~m~n 
of the sheep when water is consumed. Sharp declme m 
temperature occurs immediately after drinking water; 
then temperature makes a slow but constant return to 
normal. 
via a stomach tube. The surface temperature was re-
corded by placing a transmitter under the skin w~thin 
the right crop area. Neither of these transmitters 
caused the animals discomfort nor lead to any record, 
able diseases or conditions. 
Figure 2 graphically presents temperature 
changes within the rumen of a sheep when water was 
consumed. Particular attention is directed to that part 
of the graph showing the sharp decline in tempera-
ture immediately after drinking water and the slow, 
but-constant return to the normal temperature. 
NORMAL CARDIAC PICTURE DIFFICULT TO OBTAIN 
It has been equally difficult to obtain the normal 
cardiac picture of the ruminant. The transistorized 
transmitter used in these experiments was 1 Yz inches 
square and Ys inches thick. It was placed under the 
skin in the left crop area so that one electrode follow-
ed the sixth intercostal space to the left of the heart 
and was anchored perpendicularly to the base of the 
heart. The second electrode was passed under the skin 
over the spine within the sixth intercostal space to a 
point approximately one-half the distance down the 
side of the animal. This allowed the two electrodes to 
lie in a plane perpendicular to the base of the heart 
and receive impulses corresponding to the number 
one lead of the standard electrocardiogram. 
The major uses of the data collected were to deter-
mine the accuracy of the instrument and to record 
the heart rate change during gestation, parturition, 
and post-gestation periods. These data, graphically 
depicted in figure 3, show a general increase in heart 
rate for both sheep and cattle during the gestation 
period. The increased heart rate was particularly 
noticeable immediately prior to parturition. Further-
I -1- j j 150 
I -i- I- l-,------1- I I \ 14 0 _j __ ; 
i I I I I I\ 
r (Bjl3-,- f=Fb~ 1\:: 
I I / , ' 
• I - - - -1 -,- - ' 100 
, 1__:_ I __ -10 _- 5 o - 5 1 I '. I O~Y S 
!-1-1 i_J_, - i IIO 
100 
J 
80 
Figure 3. Heart rate changes during gestation, partu.ri-
tion, and post-gestation periods. There is a general .m-
crease in heart rate for both sheep and cattle durmg 
<1estation. Increased heart rate becomes particularly 
~oticeable immediately prior to parturition. After par-
turition the heart rate returns to preconception rate. 
more, after parturition the heart rate returned to the 
preconception rate. 
Since heart rate is a measure of the blood pumped 
throuoh the body and since an increased flow of blood 
is ass~ciated with increased metabolism, this is an 
indication of an increase in energy expenditure dur-
ing the last portion of gestation. The well-establi~~ed 
fact that much energy is used during partunt10n 
was further confirmed by the extremely fast heartbeat 
:luring delivery. The heart's de~a~ be~or~ returning to 
the preconception rate was a fair mdicati~m that t~ere 
was a continued high energy expenditure penod. 
Further, the body did not readjust imme~iately after 
parturition as is expected, but rather a penod of read-
justment is necessary. 
Aoain these data were not recorded under bloat 
condi~ions; however the possibility exists that using 
this instrument under bloat conditions may show that 
the cardiovascular system is altered during acute 
bloat. 
INTERNAL PRESSURE MOST DIFFICULT TO DETERMINE 
Probably the most difficult of all internal meas-
urements to record accurately is that of internal pres-
sure. When a rumen fistula is constructed there is 
considerable chance for gas to escape. When a stom-
ach tube is placed inside the rumen with appropriate 
bulbs and recording mechanisms, gas can escape via 
belching. In any event either of these ~anipulations 
alters the physiological state of the rummant so that 
accurate ruminal function is not recorded. 
To eliminate some of these problems a I-inch by 
3-inch pressure sensitive transducer was placed with-
in the rumen of a sheep via the esophagus. By the de-
~i on and weight of the unit it entered the reticulum 
where the majority of foreign bodies lie. Also, since 
one end was weighted with iron, it remained oriented 
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in a vertical position. Experiments to date have re-
vealed no abnormal effects upon the animal. 
Thus far only normal ruminal contractions, as 
shown in figure 4, have been recorded. The contrac-
tions appear to create pressures within the rumen and 
reticulum equal to approximately 47 m.m. of mercury 
or a little less than one-half normal systolic blood 
pressure. The pressure quickly reached a peak a~d 
then diminished to be followed by one or more rapid 
contractions. Following this rapid volley of contrac-
tions there was a period of minor slow rhythmic 
movements. During normal ruminating conditions, 
as referred to in figure 4, a more or less uniform cycle 
of major rumen contractions was followed. The ru-
men always had a positive internal pressure. 
For data derived by the use of radio telemetry 
equipment to be of positive b~nefit in _the stu?y of 
bloat simultaneous studies of mtra-rummal-reticular 
press~res and temperatures, ruminal contractions, and 
heart rates must be made under bloat conditions. 
There are reasons, including ample visible evidence, 
to believe that the internal pressure of the rumen in-
creases markedly with bloat; but evidence is lacking 
as to the maonitude of pressure present. Moreover, 
evidence is l;cking as to what happens relative to 
rumen contractions so that the gas cannot be expelled. 
Similarly, there is insufficient informat~on ~o date 
concerning the circulatory changes which mvolve 
the heart with the increased pressure. 
There is hope that with the perfection and integra-
tion of the three telemetry instruments used in these 
trials for measuring heart rate and ruminal tempera-
ture and pressure, information may be obtained that 
will give a clue to the physiological cause of death 
from bloat. Without doubt there are factors present 
periodically that alter the physiological processes. 
When the nature of these factors and the physiological 
cause of death have been established, preventive and 
remedial measures for bloat will be more easily deter-
mined. 
l 
Figure 4. The figure shows normal ruminal con~ra~-
tions. Contractions appear to create pressures w1thm 
the rumen and reticulum equal to approximately 47 
mm of mercury or a little less than one-half normal sys-
tolic blood pressure. This pressure quickly reaches a 
peak then diminishes to be followed by one or more 
rapid contractions. Following this rapid volley of con-
tractions there is a period of minor slow rhythmic 
movements. During normal ruminating conditions, a 
more or less uniform cycle of major rumen contractions 
is followed. 
C. J. MANK! 
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An important consideration in selecting a sor-
ghum variety is its ability to stand up and not lodge 
at harvest time. Lodging is widespread where sor-
ghum is grown. Extensive lodging in a field causes 
considerable yield loss and harvesting difficulty. 
Lodging may be caused by: inherent weakness of 
the stalk; physiologic changes in the stalk tissue that 
leads to weakness, such as occurs after freezing; and, 
invasion by fungi (parasitic molds). The last type, 
fungi invasion, causes stalk rot. Recent research has 
been directed toward determining which organisms 
are the cause of stalk rots in sorghum and developing 
inoculation techniques for reproducing the disease. 
CAUSED BY MANY FUNGI 
Many fungi are found in rotted stalks. A number 
of these have been isolated and tested for pathogenici-
ty or their ability to cause stalk rot and lodging. The 
most frequent and apparently the most important 
fungus isolated has been species of Fusarium, but 
other fungi such as Macrophomina ( charcoal rot), 
Nigrospora (stalk rot), Cephalosporium (summer 
frost), and Colletotrichum (red stalk rot) have o 
casionally been isolated from diseased plants. TH 
figure shows the reaction of one sorghum variety 
(R.S. 610) to six of these organisms. Colletotrichum 
The illustration shows the reaction of sorghum ( R.S. 
610) to six stalk rotting organisms: Collectrotrichum 
( 1), Macrophomina ( 2), Nigrospora ( 3), Fusarium 
isolate No. 2 ( 4 ) , Cephalosporium ( 5), Fusarium N 
3 ( 6 ) , check inoculated, no organism ( 7) . Colletrotn-
chum was the most pathogenic of all fungi isoJated. 
(red stalk rot) was the most pathogenic of all the 
fungi isolated. It rarely occurs in South Dakota, but 
could become established. 
Two methods of inoculation were used to repro-
duce the disease. In one method, toothpicks upon 
which fungus was growing were inserted into the 
second internode of the stalk. In the other, a water 
suspension of the fungus and its spores was injected 
hypodermically into the stalk. A month or six weeks 
later, the stalks were split and the amount of disease 
damage caused by each of the organisms was record-
ed. The varietal reaction was determined on the basis 
of the amount of discoloration and rot in the inoculat-
ed stalks. Categories from 0-12 were used to rate dis-
ease damage and varietal reaction. The hypodermic 
inoculation method has been adopted because of the 
ease of operation. Table 1 compares the results of the 
two methods of inoculation. 
ARTIFICIAL INOCULATION 
NOT ENTIRELY SATISFACTORY 
Artificial inoculation as a measure of resistance 
has not been entirely satisfactory since the level of dis-
ease development is usually less than that which oc-
curs naturally. In an attempt to increase the extent 
of disease development, inoculations were made 
early when the plants were in the boot stage and at the 
time of pollination with no significant increase in 
amount of disease damage at the two times of inocu-
lation. Multiple inoculations of the stalk also failed to 
Table 1. Stalk Rot Development by Fusarium Isolate No. 3 
Resulting from Two Method.6 of Inoculation Made in 
Different Years 
Hybrid 
or 
variety 
Hypodermic 
Tooth pick method injection method 
1960 1961-62 
Inoculated Check Inoculated Check 
SD 451 ------------------------------------ 6 8 6* 2t 
SD 444 ------------------------------------ 8 5 6 3 
N K 135 ------------------------------------ 5 3 6 3 
NK 120 ------------------------------------ 3 2 7 2 
DK 50A ------------ ---------------------- 4 2 4 
St R99 -------------------------------------- 9 4 7 3 
J aq 31 -------------------------------------- 4 4 6 3 
Front 500 -------------------------------- 4 2 5 3 
RS 610 ---------- ---------------------------- 8 3 6 4 
Pfist. 405 ---------------------------------- 3 1 5 2 
39-30-S _________ -_____ __ ____ _____ __________ 4 2 6 3 
Dual ------------------------------------------ 8 5 5 2 
Norghum -------------------------------- 4 2 6 3 
Reliance ---------------------------------- 2 2 6 2 
Martin -------------------------------------- 2 5 
• Average stalk rot rating fo r both yea rs. 
f Check plants inoculated with sterile tooth picks or steril e water devel -
oped some rot cl ue to wound ing the p lants. 
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Table 2. Stalk Rot Induced by Various Isolates of Fusariurn 
Varieties 2 
SD 451 -------------------------------- 5* 3 
SD 444 ---------------- ---------------- 5 4 
NK 135 ------------------------------ 6 4 
NK 120 ------------------------------ 7 3 
DK 50A ------------------------ ------ 6 3 
St R99 ------ ---------------------------- 5 5 
J aq 31 ------------------------- ------- 5 4 
Front 500 ---------------------------- 5 4 
RS 610 ------------------------------- 6 5 
Pfist. 405 __ __________ ____ __ ____ ______ 4 3 
39-30-S -------------------------------- 6 5 
Dual ------------------------------------ 4 3 
N orghum __________ ____________ ______ 4 3 
Reliance ------------------------------ 5 3 
Martin ·--------- ---------------------- 3 2 
Av. rating isolates _____________ 5.0 3.6 
*Average stalk rot ratings 196 1-1 962. 
Fusarium isolates 
3 
Av. rating 
4 Check varieties 
6 4 
6 4 
6 5 
7 3 
4 3 
7 4 
6 4 
7 4 
6 5 
5 2 
6 4 
5 3 
6 4 
6 3 
5 2 
5.8 36 
2t 
3 
3 
2 
1 
3 
3 
3 
4 
2 
3 
2 
3 
2 
2 
4.5 
4.5 
5.2 
5.0 
4.0 
5.2 
4.9 
5.0 
5.5 
3.5 
5.2 
5.2 
3.5 
4.2 
3.0 
·!·Check plants inoculated with steril e tooth picks or sterile wa ter, but d ue 
to the wound ing some rot develops. 
increase the severity of the disease or cause lodging. 
In order to more accurately evaluate stalk rot resist-
ance, a better method of inoculation that more closely 
simulates natural conditions is needed. 
The present method of inoculation does demon-
strate a measure of difference in the reaction of va-
rieties to various stalk rotting fungi, and that this 
reaction does not differ greatly from year to year as 
can be seen in table 1. An important aspect of stalk 
rot which these studies have indicated, but which has 
not been properly demonstrated is that stalk rots tend 
to reduce yield even though lodging does not occur. 
Fusarium species appear to cause the most stalk 
rot in South Dakota. A comparison of pathogenicity 
and varietal reaction to four isolates, each represent-
ing a different species of Fusarium, presented in table 
2 shows that isolates differ in pathogenicity. The 
average pathogenicity on all varieties shows isolates 1 
and 3 to be more virulent than 2 and 4. A significant 
point is that although the average pathogenicity of an 
organism tends to be low, some varieties may be quite 
susceptible to it. 
Resistant varieties appear to offer the greatest 
promise for the control of stalk rot. Many of the male 
sterile lines used in hybrid sorghum production are 
quite susceptible to Fusarium induced stalk rots. Such 
male steriles as South Dakota 102 and Reliance 2 
have a fair degree of resistance to most isolates of 
Fusarium, but nevertheless are susceptible to a few. 
In selecting and developing varieties and hybrids for 
South Dakota, giving attention to those with the 
broadest base of resistance to Fusarium species will 
minimize losses due to fungus induced stalk rots. 
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